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Preface
Since the birth of internal combustion (IC) engines more than 100 years ago, engine technology has made tremendous progress in terms of efficiency and reliability. In the last two decades, the environmental implications of engine exhaust emissions have resulted in greater effort in reducing harmful pollutants to meet ever-stringent legislation. Increased knowledge and understanding of the combustion and pollutant formation processes in IC engines are clearly necessary to increase their efficiency and cleanliness, and to evolve and invent new engines with increased efficiency and lower emissions. The traditional engineering approach has been mostly to treat the engine combustion chamber as a black box and make measurements in the inlet and the exhaust systems. As the processes of improvement in efficiency and emission abatement have reached points of diminishing returns, there is an increasing need for measurements directly inside the combustion chamber, where the combustion and pollutant formation processes actually take place. Therefore, this book is particularly concerned with diagnostic techniques for in-cylinder measurements. The equipment used for exhaust gas measurements are only briefly discussed since these are well established, and they are readily available commercially.
Owing to the wide range of techniques and, particularly, the rapid development of modern diagnostics for engine combustion research in the last decade, it is difficult, even for a specialist, to acquire an adequate overview of the achievements in this field. A newcomer to engines research must wade through a number of research monographs and many widely scattered journal or conference papers in order to assimilate the current state of the art and the tools available for research. This is obviously inconvenient for both graduate students or research and development engineers who wish to pursue engines research. While supervising research students and staff in their laboratories and in working with research and development engineers in industry, we found that, in the literature, there is a lack of a systematic approach to engine instrumentation and in-cylinder measurements. The purpose of this book, therefore, is to provide, between one set of covers, a rather complete description of instrumentation and in-cylinder measurement techniques for IC engines. This book is written primarily for researchers and engineers involved in advanced research and development of internal combustion engines, as well as for postgraduate students. It provides an introduction to the instrumentation and experimental techniques that are suitable for in-cylinder measurements and, at the same time, includes sufficient details for the readers to be able to set up and apply these techniques to IC engines. Additional emphasis here is on the applications of these techniques to improve the understanding of combustion and pollutant formation processes in IC engines.
In-cylinder engine flow and combustion diagnostics may be divided into two groups: those that use physical probes, and those that sense the properties remotely. The latter is often referred to as optical diagnostics. Engine diagnostics can also be classified as classical or modern diagnostics.
xi "Classical" implies a diagnostic technique that does not involve the use of modern inventions, such as the laser. Some optical approaches, e.g., direct photography, absorption and emission spectroscopy, Schlieren/shadowgraphy, are considered classical diagnostics, although lasers have been introduced as more powerful sources of illumination in some of these techniques. There can be no doubt that modern techniques, such as laser diagnostics, have increased our knowledge and understanding of engine flow and combustion. The fact that classical diagnostic tools are old tools does not imply that they are obsolete. Most engine research conducted today still involves classical diagnostics, despite the increasing use of modern diagnostics, particularly laser techniques. Every tool has its difficulties and limitations. It is important to recognize the complementary nature of the classical and modern tools in the experimental studies. The same argument applies to the techniques involving physical probes.
The spectrum of diagnostic techniques included in the book covers both classical and modern physical probes and optical techniques. The thread that ties both classical and modern techniques, or physical probes and optical techniques, is that they all, in some way, provide information on the state of the cylinder charge at a given time during the engine cycle. The state of the mixture in the cylinder is determined by thermodynamic, chemical, and fluid dynamic considerations. In general, the thermodynamic state at a given spatial location is determined by any two of the following three properties: pressure, temperature, or density. The chemical state is mainly defined by knowledge of the concentrations of the chemical species in the mixture. The nature of the flow is characterized by both large and small-scale structures. In this book, the diagnostic techniques will be tied to the characterization of these properties, including the thermodynamic, chemical, and fluid dynamic states of the in-cylinder mixture before, during, and after combustion. This approach ensures that the development of diagnostic techniques is linked to an identified need, as it is the end that justifies the means but not vice versa. This approach is particularly useful for researchers or engineers who are interested in the diagnostic tools that are capable of solving a specific research problem, irrespective of the nature of each technique, whether it is classical or modern. At the same time, by presenting different techniques for the same diagnostic purpose, the limitations of each technique can be understood better for intelligent application and successful outcome.
Although the applications of laser diagnostics, especially laser spectroscopic approaches, to IC engines are relatively new, and some of the techniques are undergoing continuous improvement, laser diagnostics have received much research attention and been demonstrated in flames and some practical combustion devices in the last couple of decades. The majority of these techniques have matured to a point where a text including this subject area will not be out of date in the near future.
The book begins with an introduction to general engine instrumentation, including engine dynamometers and engine controls, exhaust gas measurements, measurements of air flow and fueling. Because most in-cylinder measurements are carried out using optical techniques, optical access to the cylinder is discussed and examples of common optical engine setups are given. Chapter 2 considers pressure measurements and their use in engine performance and heat release analysis. Chapter 3 presents detailed analyses of the fast flame ionization detector (FID) and its xii performance. Chapter 4 discusses the design principles and construction of high-speed intermittent sampling probes and the operation of the total cylinder dumping technique. Chapter 5 introduces the fundamentals of spectroscopy and the principles of major laser spectroscopic techniques, and discusses some general experimental considerations in the application of laser diagnostics. Techniques for in-cylinder flow measurements are described in detail in Chapter 6, including laser Doppler anemometry (LDA) and particle imaging velocimetry (PIV). Chapter 7 considers the measurements of in-cylinder fuel distribution in spark ignition (SI) engines, and this is followed by the measurements of liquid fuel in both diesel and SI engines in Chapter 8. Chapter 9 describes the visualization techniques for in-cylinder combustion. Chapters 10 discusses the two-color method for in-cylinder diesel combustion temperature and soot loading measurements, and Chapter 11 presents in-cylinder soot measurement techniques. In-cylinder gas temperature measurements are discussed in Chapter 12. Chapter 13 concludes with a description of approaches that permit measurements of in-cylinder combustion species.
Because the book is written by authors who have combined knowledge and experience in both IC engines research and combustion diagnostics, it bridges the gap between researchers in engine development and specialists in the development of these techniques. The authors' complementary skills in classical and modern diagnostics make it possible for the first time to bring together all the available tools to the engines research community, so that the appropriate approaches, irrespective of their nature, can be adopted for a specific research need. Another feature of the book is that each chapter is individually referenced and references are called out in the text by authors and year. References are in long form with titles, which is a particularly useful feature for readers to pre-screen the nature of the research work in each reference.
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